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Spices are rich sources of antioxidants due to the presence of phenols and ﬂavonoids. In this study, the
DNA protecting activity and inhibition of nicotine-induced cancer cell migration of 9 spices were ana-
lysed. Murine ﬁbroblasts (3T3-L1) and human breast cancer (MCF-7) cells were pre-treated with spice
extracts and then exposed to H2O2 and nicotine. The comet assay was used to analyse the DNA damage.
Among the 9 spices, ginger, at 50 lg/ml protected against 68% of DNA damage in 3T3-L1 cells. Caraway,
cumin and fennel showed statistically signiﬁcant (p < 0.05) DNA protecting activity. Treatment of MCF-7
cells with nicotine induced cell migration, whereas pre-treatment with spices reduced this migration.
Pepper, long pepper and ginger exhibited a high rate of inhibition of cell migration. The results of this
study prove that spices protect DNA and inhibit cancer cell migration.
 2012 Elsevier Ltd. Open access under CC BY-NC-ND license.1. Introduction vitamin C and vitamin E suppress the formation of DNA-nicotineOxidative stress is deﬁned as the excessive production of reac-
tive oxygen species (ROS) and/or deﬁciency of the antioxidant cel-
lular defence system. The ROS play a major role in causing
antioxidant stress and damage to DNA, proteins and lipids (Barzilai
& Yamamoto, 2004). Endogenous antioxidant systems, including
NADPH, NADH, glutathione, coenzyme Q, superoxide dismutase,
catalase and glutathione peroxidase, protect DNA from oxidative
damage (Jacob, 1995). In addition to endogenous antioxidant sys-
tems, a diet rich in antioxidant food products also protects DNA
and increases resistance against oxidative stress. Plant derived die-
tary compounds like curcumin, resveratrol and ﬂavonoids, have
shown therapeutic potential, including anti-inﬂammatory,
cyto-protective and DNA protective properties (Bisht, Wagner, &
Bulmer, 2010; Melidou, Riganakos, & Galaris, 2005).
Nicotine is a major alkaloid present in the tobacco plant and is a
component of cigarette smoke. It is hypothesised that nicotine
plays a direct role in the induction and progression of many hu-
man cancers (Heeschen et al., 2001). Nicotine induces cancer cell
migration and DNA damage (Argentin & Cicchetti, 2004; Guo
et al., 2008). The interaction of nicotine with DNA and nuclear pro-
teins is considered as the initial step in carcinogenesis. A study by
Cheng et al. (2003) demonstrated that dietary constituents, such as
curcumin, garlic squeeze, grapeseed extract, tea polyphenols,+60 379674957.
c.edu.my (M.S. Kanthimathi).
-NC-ND license.adducts.
Spices are commonly used to enrich ﬂavour and aroma in cook-
ing and to preserve food. Spices are widely used in Asia and the
Middle East, not only in cooking, but also as components of a
healthy diet. Their use is increasing in non-Asian countries as well.
They are also traditionally thought to have beneﬁcial effects on
health and speciﬁc spices are used in traditional medicine as part
of therapeutic formulations. Ethnopharmacological studies on
spices revealed a wide range of biological activities, including, anti-
oxidant, anti-inﬂammatory, anti-tumor, immunomodulatory and
antiradical activities (Cherng, Chiang, & Chiang, 2008; Ho, Tang,
Lin, & Liew, 2010; Madsen & Bertelsen, 1995; Mueller, Hobiger, &
Jungbauer, 2010).
Plant phenols were found to protect DNA from oxidative dam-
age and a study on the extracts of sumach showed that this spice
protected DNA from H2O2-induced oxidative stress (Fabiani et al.,
2008). However, there are no reports available on the DNA protect-
ing effect of other spices. Hence, in this study, we analysed the DNA
protecting activity and inhibition of cancer cell migration of etha-
nolic extracts of a number of common spices that are popular in
Asian and, increasingly, in Western cooking, using 3T3-L1 mouse
ﬁbroblasts and MCF-7 human breast cancer cells. Hydrogen perox-
ide (H2O2) was used to induce DNA damage; H2O2 produces reac-
tive hydroxyl radicals by the Fenton reaction. The hydroxyl
radicals bind to DNA at metal binding sites and induce strand
breaks. Our aim was to investigate whether the selected spices
protect cells from hydroxyl radical-induced and nicotine-induced
toxicity.
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2.1. Preparation of spice extracts
Cumin (Cuminum cyminum), fennel (Foeniculum vulgare), star
anise (Illicium verum), pepper (Piper nigrum), long pepper (Piper
longum), ginger (Zingiber ofﬁcinale), clove (Eugenia carophyllata),
cardamom (Elettaria cardamomum) and caraway (Carum carvi)
were purchased from a local market. The dried spices (100 g each)
were ground into ﬁne powder using a kitchen blender. The powder
(100 g) was extracted with 95% of ethanol for 16 h. Ethanol was re-
moved using a rotary vacuum evaporator and the extracts were
stored at 20 C.
2.2. Estimation of total phenolics
The total phenolic content was assayed with Folin–Ciocalteu re-
agent using gallic acid as the standard (Taga, Miller, & Pratt, 1984).
Spice extracts (100 ll, 10 mg/ml) were added to 2 ml of 2% Na2CO3.
After 2 min, 100 ll of 50% Folin–Ciocalteau reagent was added and
the mixture was left to stand for 30 min. Absorbance was read at
750 nm. Data were inserted into a gallic acid standard curve and
the phenolic content was expressed as gallic acid equivalents
(GAE) per 100 g of the dry weight of spices.
2.3. Cell culture and treatment
The 3T3-L1 ﬁbroblasts (4–5  106) were cultured in DMEM sup-
plemented with 10% foetal bovine serum in 25 cm2 tissue culture
ﬂasks. The cells in culture were treated with various concentra-
tions of ethanolic extracts of spices for 60 min in a CO2 incubator.
After pretreatment, the cells were exposed to 100 lM of H2O2 for
30 min on ice. The cells were harvested, centrifuged for 5 min at
1500 rpm and resuspended in phosphate-buffered saline (PBS).
2.4. Single cell gel electrophoresis (Comet assay)
A 25 ll of cell suspension was mixed with 75 ll of 0.6% low
melting agarose. The suspension was spread on a frosted micro-
scopic slide precoated with 0.8% of normal melting agarose. The
cell suspension was covered with a cover slip and kept on ice for
10 min. The cover slips were removed and the slides were incu-
bated overnight in lysis solution containing 1% SDS, 2.5 M NaCl,
100 mM Na2EDTA, 1% Triton X-100 and 10% DMSO at 4 C. The
slides were arranged in an electrophoresis tank ﬁlled with pre-
chilled electrophoretic buffer (1 mM Na2EDTA and 300 mM NaOH)
and incubated for 20 min. Electrophoresis was carried out at 25 V
(300 mA) for 20 min using a power supply (CBS Scientiﬁc company,
USA). After electrophoresis, the slides were washed with 0.4 M Tris
(pH 7.5) and stained with ethidium bromide (20 lg/ml). The slides
were viewed using an Olympus BX50 ﬂuorescence microscope. The
comet tail length was measured using an eyepiece micrometer and
the DNA damage was calculated as follows:
Comet tail length (lm) = (maximum total length)  (head
diameter) (Grover et al., 2003).
2.5. Cell migration assay
MCF-7 cells were grown in a 24 well plate using RPMI 1640
medium supplemented with 10% foetal bovine serum. The cell
layer was scratched with a 200 ll pipette tip to create a ‘‘scar’’.
Cells were then washed twice with PBS and the medium was re-
placed with fresh medium with or without spice extracts and nic-
otine. The plates were further incubated for 24 h and the numbers
of migrating cells were counted.2.6. Statistical analysis
Data were analysed using SPSS software. Means and standard
deviations were calculated and the Student’s t-test was performed
to ﬁnd the signiﬁcant difference (p < 0.05). Pearson correlation
analysis was performed to analyse the correlation between total
phenolic content, DNA protection, DNA damage and inhibition of
cell migration activity.3. Results and discussion
Environmental toxins with carcinogenic potential are a major
threat to human health. The free radicals produced by carcinogens
damage DNA and that leads to many degenerative diseases like
cardiovascular diseases and cancer. Hence, research in phytothera-
py is mainly involved in the identiﬁcation of plants with DNA pro-
tecting activity. Plant derived polyphenols with antioxidant
activities are found to reduce DNA damage (Ferguson, 2001).
Among the edible plants, spices exhibited antimicrobial and anti-
oxidant activities and hence they are used in medicinal prepara-
tions in traditional branches of medicine, like Ayurveda,
homeopathy, Unani and Chinese traditional medicine. The present
study was designed to investigate the protective effects of spices
against hydrogen peroxide- and nicotine-induced toxicity.
3.1. Total phenolic content of spices
Plant phenolic compounds are the most abundant class of nat-
ural products. The redox properties of phenolic hydroxyl groups
are responsible for the radical scavenging activity of plant phenols.
Hence, plants rich in phenols promote beneﬁcial health effects in
humans (Balasundram, Sundram, & Samman, 2006). In the present
study, the total phenolic content of nine spices was analysed using
the Folin–Ciocalteau method. All the spices showed high phenolic
content, particularly, long pepper, pepper, clove and ginger
(Fig. 1). Long pepper contains 2405 mg of gallic acid equivalents/
100 g of dry weight of the spice, whereas cardamom, cumin, cara-
way, fennel and star anise ranged between 1131 and 1475 mg of
GAE/100 g dry weight. The major types of phenols present in spices
are phenolic acids, phenolic diterpenes and ﬂavonoids (Shan, Cai,
Sun, & Corke, 2006). Most of these phenols are powerful antioxi-
dants and exert various biological activities.
3.2. Spices protect DNA from hydrogen peroxide-induced damage
In humans, the reactive oxygen species (ROS), including super-
oxide anion and hydroxyl radical, are continuously produced dur-
ing normal respiratory processes. They induce lipid peroxidation,
damage DNA and can lead to several degenerative disorders
(Halliwell & Gutteridge, 1990). The effect of common spices on
hydrogen peroxide- and nicotine-induced toxicity was analysed
in this study. A dose-activity assay was ﬁrst performed to select
the concentration of H2O2 to be used in subsequent experiments.
Cells (3T3-L1) treated with 25, 50 and 100 lM of H2O2 showed a
dose dependent increase in tail length (Fig. 2). The maximum tail
length (7.88 ± 0.78 lm) was shown by 100 lM H2O2 treatment
and therefore this concentration was used to test the DNA protec-
tive properties of spices. Cells pre-treated with different spice
extracts (except pepper) at 5, 25 and 50 lg/ml, showed a signiﬁ-
cant decrease (p < 0.05) in comet tail length compared to the con-
trol of H2O2 treatment alone (Table 1). At low concentrations (5 lg/
ml), long pepper, caraway, clove, cardamom and ginger showed
signiﬁcant DNA protecting activity (8–47%) whereas the other
spices like star anise, fennel and cumin showed signiﬁcant DNA
protecting activity only at higher concentrations (25 and 50 lg/
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Fig. 1. Levels of polyphenols present in spice extracts. Experiments were carried out in triplicate. Means ± standard deviations are presented. High levels of polyphenols were
observed in clove, long pepper and pepper in the range of 2041 ± 37 to 2405 ± 119 mg of GAE/100 g of dry weight of spices.
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Fig. 2. DNA damage induced by H2O2 in 3T3-L1 ﬁbroblasts. The cells were
incubated in 25, 50 and 100 lM of H2O2 on ice for 4 h and then used in the comet
assay. At 100 lM, a maximum tail length of 7.88 ± 0.78 lm was observed.
Means ± standard deviations are presented.
Table 1
Protection of H2O2-induced DNA damage in 3T3-L1 ﬁbroblasts by spice extracts.
Concentration of plant
extract (lg/ml)
Tail length (lm)a
(Mean ± SD)
Control – 0.94 ± 0.39
H2O2 100 (lM) 7.88 ± 0.78
Pepper 5 7.05 ± 0.34
25 7.27 ± 0.09
50 8.22 ± 0.09
Long pepper 5 4.16 ± 0.16*
25 5.72 ± 0.09*
50 7.83 ± 0.16
Caraway 5 7.11 ± 0.09*
25 4.77 ± 0.41*
50 2.83 ± 0.33*
Clove 5 7.16 ± 0.28*
25 7.61 ± 0.19
50 8.61 ± 0.19
Cardamom 5 7.1 ± 0.28*
25 6.38 ± 0.38*
50 5.11 ± 0.25*
Star anise 5 7.61 ± 0.25
25 7.11 ± 0.09*
50 5.27 ± 0.09*
Ginger 5 6.16 ± 0.16*
25 3.22 ± 0.09*
50 2.55 ± 0.41*
Fennel 5 7.66 ± 0.28
25 6.77 ± 0.09*
50 4.88 ± 0.25*
Cumin 5 7.16 ± 0.16
25 5.38 ± 0.19*
50 3.22 ± 0.09*
a DNA damage was analysed using the comet assay.
* Represents p < 0.05 vs. control, as tested by the Student’s t-test.
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ity in all the concentrations tested whereas no signiﬁcant activity
was observed in cells treated with pepper. Previous studies on pep-
per reported the presence of a highly genotoxic alkaloid called pip-
erine (Madrigal-Bujaidar, Barriga, Mota, Guzman, & Cassani, 1997).
Hence, the inability of pepper to protect DNA from H2O2-induced
DNA damage can be attributed to the presence of toxic alkaloids.
Among the spices used in this study, ginger showed the maximum
antioxidant activity at increasing concentrations. At 50 lg/ml, the
comet tail length was reduced by 68% compared to that produced
by the control, indicating 68% protection. This is the ﬁrst report on
ginger that proves its DNA protective effects against H2O2-induced
DNA damage. A dose-dependent decrease in DNA damage was ob-
served in cells treated with caraway, cardamom, star anise, ginger,
fennel and cumin. Most of the spices used in this study were effec-
tive in protecting against DNA damage (ranging from 10% to 68%)
and this can be attributed to their antioxidant-rich phenolic con-
stituents. Phytochemical studies on ginger showed that gingerol
and shogaols are the major phenols in ginger (Schwertner & Rios,
2007). Jolad, Lantz, Chen, Bates, and Timmermann (2005) identi-
ﬁed 115 compounds in dry ginger, among which shogaols were
found in higher concentrations than gingerol. A potent antioxidant
and anti-inﬂammatory activity was exhibited by shogaol and ging-
erol (Dugasani et al., 2010). An in vivo study on mice revealed that
[6]-gingerol inhibits angiogenesis and lung metastasis (Kim et al.,
2005). Pharmacological properties, like the reduction of fructose-
induced elevation of lipids, blood pressure lowering effect, protec-
tion against carbon tetrachloride and acetaminophen-inducedacute hepatotoxicity and radiation, antioxidant, anti-inﬂammatory
and antimicrobial activities were exhibited by ginger (Ali, Blunden,
Tanira, & Nemmar, 2008). The present study describes the protec-
tive effects of spice extracts against hydrogen peroxide-induced
DNA damage and suggests that the use of spices in the daily diet
will reduce the effects of free radical induced carcinogenesis.3.3. Spices prevent cancer cell migration
Most of the deaths from cancer are caused by cancer cell metas-
tasis that involves two phases: ﬁrst, physical translocation of can-
cer cells to a distant organ, and second, development of cancer cells
into a lesion at that organ (Chaffer & Weinberg, 2011). Recent
studies have attempted to understand the mechanisms underlying
Table 2
Correlation analysis of total phenolic content with DNA protection and inhibition of
cancer cell migration.
Spices Pearson correlation (r) value
TPC/DNA protection TPC/inhibition of cancer cell migration
Long pepper 1.000* +0.992*
Clove 0.989* +0.990*
Fennel +0.990* +0.994*
*
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cals (Weng & Yen, 2012). Nicotine facilitates cell migration in hu-
man lung cancer cells through the induction of phosphorylation
of l- and m-calpains (Xu & Deng, 2006).
We studied the effect of spices on nicotine-induced cancer cell
migration in the breast cancer cell line, MCF-7. Cells incubated
for 24 h with 10 lM of nicotine induced cancer cell migration, indi-
cating that nicotine is responsible for metastasis and induction of
secondary cancers. To test the effect of spices on this aspect of nic-
otine toxicity, MCF-7 cells were pre-treated with spices and then
exposed to nicotine. The results of cell migration analysis showed
that all the spice extracts inhibited cancer cell migration (Fig. 3);
fewer cells migrated across the gap with increasing spice concen-
tration. Except for clove and cumin, all the spices used in this study
exhibited a signiﬁcant inhibition of migration. Pepper, long pepper
and ginger showed the highest inhibition of cancer cell migration.
A statistically signiﬁcant (p < 0.05) inhibition of migration was ob-
served in all the concentrations (25, 50 and 75 lg/ml) of pepper,
long pepper and ginger. Pepper showed a maximum inhibition of
90%. A low level of inhibition was observed in cells treated with
clove and cumin, but this was not statistically signiﬁcant. A strong
positive correlation was observed between the other spice phenols
and their inhibitory activity. Hence, it can be concluded that the
spices inhibit cancer cell migration and reduce the chances of
metastasis. Although pepper, long pepper and clove, at high con-
centrations, did not show DNA protection in normal cells (Table
1), a strong inhibition of cell migration was observed in breast can-
cer cells. Even though these three spices inhibited the cancer cell
migration, they did not protect against DNA damage in normal
murine ﬁbroblasts. Hence consumption of food preparations rich
in pepper, long pepper and cloves may possibly damage normal
cells or, at least, not play a role in DNA protection and carcinogen-
esis. However, they, especially pepper and long pepper, could inhi-
bit metastasis.Star anise +0.968 +0.999
Cardamom +0.996* +0.961
Cumin +1.000* +0.072
Caraway +0.993* +0.992*
Ginger +0.916* +0.987*
Pepper 0.961 +0.998*
* Represents p < 0.05 as tested in Pearson correlation analysis.3.4. Correlation between total phenolic content of spices with DNA
protection and cancer cell migration
The various activities studied, i.e., DNA protection and inhibi-
tion of cancer cell migration exhibited by spices were correlated0
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Fig. 3. Effect of spice extracts on nicotine-induced cancer cell migration. MCF-7 cells wer
layer in the middle of each well and 10 lM of nicotine was added to induce cell migr
nicotine-induced cell migration. Among the 9 spices tested, pepper showed a maximum
nicotine alone) (p < 0.05).with their total phenolic content (Table 2). A strong and statisti-
cally signiﬁcant positive correlation was identiﬁed between DNA
protection and the phenols of ginger, caraway, cumin, cardamom,
star anise and fennel. This suggests that phenols in these spices
protected the cellular DNA from hydrogen peroxide-induced toxic-
ity. The major constituents like carvone from caraway and couma-
rins from fennel are considered as the major phytochemicals with
antioxidative properties (Cherng, Chiang, & Chiang, 2008; Madsen
& Bertelsen, 1995). Long pepper, clove and pepper showed nega-
tive correlation between the total phenolic content and DNA pro-
tection. Previous studies on pepper and its major constituent,
piperine, showed that both are toxic in animal models and human
lymphocytes (Madrigal-Bujaidar et al., 1997; Malini, Manimaran,
Arunakaran, Aruldhas, & Govindarajulu, 1999). A genotoxic study
on cloves reported that it induced DNA strand breaks and oxidative
DNA damage on bacterial and cell-free assays (dos Santos, Egito, de
Medeiros, & Agnez-Lima, 2008). In the present study, pepper failed
to protect DNA at all concentrations, whereas long pepper and
clove showed protective activity only at low concentrations (5
and 25 lg/ml). The presence of toxic phenols like piperine in these
spices could be responsible for their inability to protect DNA.
Hence a negative correlation was observed between the total phe-
nolic content and DNA protection of pepper, long pepper and clove.
This shows that these spices are rich in toxic phenols that canennel Ginger Long pepper Pepper Star anise
Control
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e cultured in 24 well plates for 24 h. A sterile pipette tip was used to scratch the cel
ation. The cells pre-treated with spice extracts showed inhibitory activity agains
of 90% inhibition on cell migration. (⁄) Signiﬁcant vs. control (cells treated withl
t
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phenolic content of the spices (long pepper, clove, fennel, star an-
ise, caraway, ginger and pepper) and inhibition of cancer cell
migration showed a statistically signiﬁcant positive correlation
(Table 2). Cardamom showed a positive correlation but this was
not statistically signiﬁcant at p < 0.05. Cumin only showed a poor
positive correlation (r value: +0.072). Among the 9 spices used in
this study, 8 spices showed positive correlation between their total
phenolic content and inhibition of cancer cell migration.
Besides ﬂavouring food, spices have also been long thought to
have beneﬁcial health effects. This study attempted to throw some
light on the possible beneﬁcial effects of spices apart from their ﬂa-
vour. Ginger, caraway, cumin, fennel, cardamom and star anise
exhibited maximum antioxidant activity among the spices tested.
The other spices like clove, cumin, pepper and long pepper showed
less inhibition of cell migration and DNA protection. This is the ﬁrst
study on spices that provides evidence for their DNA protective
activities against hydrogen peroxide-induced DNA damage and
inhibition of cancer cell migration induced by nicotine.
4. Conclusion
From the results of this study, we conclude that appropriate
addition of particular spices in the diet may inhibit the early stages
of carcinogenesis. The protective activity of spices on nicotine- and
hydroxyl radical-induced toxicity showed that the beneﬁcial
effects of particular spices may overwhelm environmental muta-
gens. Thus spices can be considered as promising anticarcinogenic
agents that may prevent diseases induced by free radicals and nic-
otine. The inclusion of appropriate spices in the diet might be ben-
eﬁcial to the general populace, especially, smokers and those
exposed to second-hand smoke.
Acknowledgement
This study was supported by research university grants (RG004/
09AFR, RG341/11HTM) from the University of Malaya, Kuala
Lumpur, Malaysia and a high-impact research grant (HIR-MOHE,
E000043-20001) from the Ministry of Higher Education, Malaysia.
References
Ali, B. H., Blunden, G., Tanira, M. O., & Nemmar, A. (2008). Some phytochemical,
pharmacological and toxicological properties of ginger (Zinger ofﬁnale Roscoe):
A review of recent research. Food and Chemical Toxicology, 46(2), 409–420.
Argentin, G., & Cicchetti, R. (2004). Genotoxic and antiapototic effect of nicotine on
human gingival ﬁbroblasts. Toxicological Sciences, 79(1), 75–81.
Balasundram, N., Sundram, K., & Samman, S. (2006). Phenolic compounds in plants
and agri-industrial by-products: Antioxidant activity, occurrence, and potential
uses. Food Chemistry, 99(1), 191–203.
Barzilai, A., & Yamamoto, K. (2004). DNA damage responses to oxidative stress. DNA
Repair, 3(8–9), 1109–1115.
Bisht, K., Wagner, K., & Bulmer, A. C. (2010). Curcumin, resveratrol and ﬂavonoids as
anti-inﬂammatory, cyto- and DNA-protective dietary compounds. Toxicology,
278(1), 88–100.
Chaffer, C. L., & Weinberg, R. A. (2011). A perspective on cancer cell metastasis.
Science, 331(6024), 1559–1564.Cheng, Y., Li, H. L., Wang, H. F., Sun, H. F., Liu, Y. F., & Peng, S. X. (2003). Inhibition of
nicotine-DNA adduct formation in mice by six dietary constituents. Food and
Chemical Toxicology, 41(7), 1045–1050.
Cherng, J., Chiang, W., & Chiang, L. (2008). Immunomodulatory activities of common
vegetables and spices of umbelliferae and its related coumarins and ﬂavonoids.
Food Chemistry, 106(3), 944–950.
dos Santos, P. E., Egito, L. C., de Medeiros, S. R., & Agnez-Lima, L. F. (2008).
Genotoxicity induced by Eugenia caryophyllata infusion. Journal of Toxicology
and Environmental Health Part A,, 71(7), 439–444.
Dugasani, S., Pichika, M. R., Nadarajah, V. D., Balijepalli, M. K., Tandra, S., &
Korlakunta, J. N. (2010). Comparative antioxidant and anti-inﬂammatory effects
of [6]-gingerol, [8]-gingerol, [10]-gingerol and [6]-shogaol. Journal of
Ethnopharmacology, 127(2), 515–520.
Fabiani, R., Rosignoli, P., Bartolomeo, A. D., Fuccelli, R., Servilli, M., Montedoro, G. F.,
et al. (2008). Oxidative DNA damage is prevented by extracts of olive oil,
hydroxytyrosol, and other olive phenolic compounds in human blood
mononuclear cells and HL60 cells. Journal of Nutrition, 138(8), 1411–1416.
Ferguson, L. (2001). Role of plant polyphenols in genomic stability. Mutation
Research, 475(1–2), 89–111.
Grover, P., Danadevi, K., Mahboob, M., Rozati, R., Banu, B. S., & Rahman, M. F. (2003).
Evaluation of genetic damage in workers employed in pesticide production
utilizing the comet assay. Mutagenesis, 18(2), 201–205.
Guo, J., Ibaragi, S., Zhu, T., Luo, L., Hu, G., Huppi, P. S., et al. (2008). Nicotine promotes
mammary tumor migration via a signalling cascade involving protein kinase C
and cdc42. Cancer Research, 68(20), 8473–8481.
Halliwell, B., & Gutteridge, J. M. C. (1990). Role of free radicals and catalytic metal
ions in human disease: An overview. Methods Enzymology, 186, 1–85.
Heeschen, C., Jang, J. J., Weis, M., Pathak, A., Kaji, S., Hu, R. S., et al. (2001). Nicotine
stimulates angiogenesis and promotes tumor growth and atherosclerosis.
Nature Medicine, 7(7), 833–839.
Ho, S., Tang, Y., Lin, S., & Liew, Y. (2010). Evaluation of peroxynitrite-scavenging
capacities of several commonly used fresh spices. Food Chemistry, 119(3),
1102–1107.
Jacob, R. A. (1995). The integrated antioxidant system. Nutrition Research, 15(5),
755–766.
Jolad, S. D., Lantz, R. C., Chen, G. J., Bates, R. B., & Timmermann, B. N. (2005).
Commercially processed dry ginger (Zingiber ofﬁcinale): Composition and effects
on LPS-stimulated PGE2 production. Phytochemistry, 66(13), 1614–1635.
Kim, E. C., Min, J. K., Kim, T. Y., Lee, S. J., Yang, H. O., Han, S., et al. (2005). [6]-
Gingerol, a pungent ingredient of ginger, inhibits angiogenesis in vitro and
in vivo. Biochemical and Biophysical Research Communications, 335(2), 300–308.
Madrigal-Bujaidar, E., Barriga, S. D., Mota, P., Guzman, R., & Cassani, M. (1997). Sister
chromatid exchanges induced in vitro and in vivo by an extract of black pepper.
Food and Chemical Toxicology, 35(6), 567–571.
Madsen, H. L., & Bertelsen, G. (1995). Spice as antioxidants. Trends in Food Science
and Technology, 6(8), 271–277.
Malini, T., Manimaran, R. R., Arunakaran, J., Aruldhas, M. M., & Govindarajulu, P.
(1999). Effects of piperine on testis of albino rats. Journal of Ethnopharmacology,
64(3), 219–225.
Melidou, M., Riganakos, K., & Galaris, D. (2005). Protection against nuclear DNA
damage offered by ﬂavonoids in cells exposed to hydrogen peroxide: The role of
iron chelation. Free Radical Biology and Medicine, 39(12), 1591–1600.
Mueller, M., Hobiger, S., & Jungbauer, A. (2010). Anti-inﬂammatory activity of
extracts from fruits, herbs and spices. Food Chemistry, 122(4), 987–996.
Schwertner, H. A., & Rios, D. C. (2007). High-performance liquid chromatographic
analysis of 6-gingerol, 8-gingerol, 10-gingerol and 6-shagaol in ginger-
containing dietary supplements, spices, teas and beverages. Journal of
Chromatography B, 856(1–2), 41–47.
Shan, B., Cai, Y. Z., Sun, M., & Corke, H. (2006). Antioxidant capacity of 26 spice
extracts and characterization of their phenolic constituents. Journal of
Agricultural and Food Chemistry, 53(20), 7749–7759.
Taga, M. S., Miller, E. E., & Pratt, D. E. (1984). Chia seeds as a source of natural lipid
antioxidants. Journal of the American Oil Chemists Society, 61(5), 928–931.
Weng, C. J., & Yen, G. C. (2012). Chemopreventive effects of dietary phytochemicals
against cancer invasion and metastasis: Phenolic acids, monophenol,
polyphenols, and their derivatives. Cancer Treatment Reviews, 38(1), 76–87.
Xu, L., & Deng, X. (2006). Suppression of cancer cell migration and invasion by
protein phosphatase 2A through dephosphorylation of l- and m-calpains. The
Journal of Biological Chemistry, 281(46), 35567–35575.
